Background: Associations between sitting-time and physical activity (PA) with depression
BACKGROUND
Depression is an important public-health problem; approximately 6% of the population has major depression each year and the lifetime prevalence ranges from 11-15% across countries. 1 Major depression has increased from the 15th cause of adult disease burden in 2000, to the 11th cause in 2010. 2 Furthermore, depressive disorders are projected to be the second leading cause of burden of disease worldwide by 2030, and the leading cause in high income countries. 3 To reduce this burden, it is critical to identify factors associated with the prevention and management of depression.
Regular physical activity (PA) is associated with reduced risk of depression, 4;5 with prospective studies in adults in different age groups showing protective effects of PA against depression 2 to 26 years later. 6;6-14 Another lifestyle factor that may be important is sedentary behavior, which is typically defined as any waking activity characterized by an energy expenditure ≤ 1.5 metabolic equivalents and a sitting or reclining posture 15;16 , and is often conceptualized as sitting-time in epidemiological studies. 17 Although there is increasing evidence suggesting that sitting-time is associated with poor cardiovascular and metabolic health outcomes [18] [19] [20] and decreased life expectancy, 21;22 less is known about the association between sitting-time and psychological outcomes such as depression. 23 Cross-sectional studies show an inverse association between sedentary time and mental health in older adults, 24 ;25 disadvantaged women, 26 and overweight and obese adults. 27;28 Prospective studies have also demonstrated an inverse association for time spent watching television and/or using a computer after 1 year, 29 6 years, 30 and 10 years. 29 However, no studies have examined sitting-time and PA over multiple time points, and only one examined their combined effects on depressive symptoms.
The aim of this study was therefore to examine the concurrent and prospective associations between sitting-time and PA, individually and in combination, with prevalent depressive symptoms in mid-aged Australian women over a 9-year period.
METHODS

Australian Longitudinal Study on Women's Health (ALSWH)
ALSWH (www.alswh.org.au) is a prospective study of factors affecting the health and wellbeing of three cohorts of Australian women born in 1973-1978, 1946-1951 and 1921-1926. 31 They were randomly selected from the national Medicare health insurance database, with oversampling of women from rural and remote areas. 32 Starting in 1996, mail surveys have been administered every 3 years on a rolling basis. The study was approved by Ethics
Committees at The University of Queensland and the University of Newcastle, and informed consent was received from all respondents. women who had complete data on depressive symptoms, sitting-time and PA in 2001 and at least one other survey. Twelve women who reported across all surveys that their health limited their ability to walk100 meters "a lot" were excluded, leaving data from 8,950 women for analyses, with a total of 35,800 observations. Notable differences between women included and women excluded from the analysis were that excluded women generally had lower education levels, were less likely to be employed or worked fewer paid hours, and had more difficulty managing on their income (Table 1) .
Participants and surveys
Data
Measures
Depressive symptoms were assessed with the 10-item version of the Center for Epidemiological Studies Depression questionnaire (CES-D 10). 33 Respondents rated the extent to which they experienced cognitive, affective and behavioral symptoms in the last week (e.g., guilt, worthlessness, helplessness, psychomotor retardation, loss of appetite, sleep difficulties), using a 4-point ordinal scale ranging from rarely or none of the time (no points)
to most or all of the time (3 points). Scale scores range from 0-30 points, with a score of ≥10
indicative of mild-moderate levels of depressive symptoms. 33 For this study, scores were dichotomized as 'depressive symptoms' (score ≥10) or 'no depressive symptoms' (score <10). The one to four week (average 22 days) test-retest reliability of the CES-D10 is satisfactory (r =.71), as is convergent validity with health status scores (r =.37) and positive affect (r =-.63). 33 Furthermore, the CES-D10 has good predictive accuracy compared with the 20-item version (kappa = .97), 33 which has good concurrent validity with a range of selfreport and clinical criteria. Table   1 . (Table 1) . Reverse causation models examining the association between depression status and future sitting-time and PA included sitting-time and PA in 2001 as covariates and were adjusted for the same covariates as the main effects and interaction models.
Analyses
RESULTS
Characteristics of the analysis sample are presented in Table 1 . In 2001, when the women were aged 50-55 years, one in five (20.8%) had depressive symptoms; this proportion decreased slightly over time (Table 2) . Overall, 63.0% of the women did not have depressive symptoms at any time point and 5.1% reported symptoms at each of the four time points, or at one (17.3%), two (8.9%) or three time points (5.6%). Sitting-time and PA levels increased over time, with higher proportions of women sitting >4 hrs/day and meeting PA guidelines at the later surveys ( Table 2 ). 8.5% of the women sat ≤4 hrs/day, and 24.0% met PA guidelines at all four time-points.
In concurrent main effects modeling, using data from four time points over nine years, sitting-time and PA were each significantly associated with depressive symptoms (Table 3) .
Women who sat >4-7 hrs/day or >7 hrs/day were up to 1. Table 3 ).
In prospective (time-lagged) main effects and interaction models, once again using data from four time points over nine years, PA was associated with future depressive symptoms, but sitting-time was not (Table 4 ). In main effects models, women who did no PA were more likely to have future depressive symptoms than women who met PA guidelines (OR 1.26, 95%CI 1.08-1.47). In interaction models, women who did no PA, regardless of their sittingtime, had a significantly increased risk of future depressive symptoms compared with women who sat ≤4 hrs/day and met PA guidelines (Table 4) .
Depressive symptoms were associated with future sitting-time and PA in simple prospective models (Table 5 ), but only the association with PA remained significant in adjusted models.
Compared with women without depressive symptoms, women with depressive symptoms were less likely to increase their PA from none to some, or from some to meeting guidelines (OR 0.80, 95%CI 0.72-0.88).
DISCUSSION
This study examined associations between sitting-time and PA, separately and in combination, with current and future depressive symptoms over 9 years, in Australian women These results are consistent with other cross-sectional studies demonstrating that PA is inversely associated with risk of depression 23 and that high sitting-time is associated with poor mental health. [24] [25] [26] [27] [28] 32 women with lower socioeconomic status and worse health were more likely to drop out from the study, 58 which may affect the generalizability of results.
Conclusion
Both high sitting-time and low PA were associated with increased risk of current depressive symptoms, and in combination, the risk further increased. However, only lack of PA was associated with increased risk of future depressive symptoms, irrespective of sitting-time.
Women with depressive symptoms were less likely to increase PA levels over time, suggesting a vicious circle whereby inactive women are more likely to become depressed and those who are depressed are less likely to increase PA.
Based on these findings, lifestyle interventions for depression in mid-aged women should include strategies to increase PA, to a level commensurate with meeting PA guidelines, to both alleviate current depressive symptoms and prevent future symptoms. There may be some justification for strategies to reduce sitting-time to alleviate current symptoms. More prospective and intervention studies are needed to clarify these associations, and their direction. Furthermore, future studies should clarify the role of domain specific sitting-time. c OR in ordinal logistic regressions for increasing PA from none to some or from some to meeting guidelines or for increasing ST from ≤4 hrs/day to >4-7 hrs or from >4-7 to >7 hrs/day; PA = physical activity; Boldface indicates significant association (p<0.05)
